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Abstract 
Southco, Inc. is a manufacturer of access hardware of many types. One 
line of hardware is completely dedicated to captive fasteners. These captive 
fasteners utilize a standard screw with a spring and round standoff over the shaft 
to create a sprung fastener which can be fastened onto panels. When these 
standoffs are milled from raw bar stock on either Davenport or Wickman 
machines, there are occurrences of small chips of aluminum or steel that become 
lodged in the inner and outer diameter. During assembly, these chips can cause 
frequent jamming. The jamming of the assembly machines causes significant 
down time and the standoffs removed become waste because they can not be 
recycled. The removal of these chips from the process has been discussed at 
Southco, but no real solution has come about. It is our objective to find a method 
to remove the chips before they enter the assembly process. There are several 
alternatives being considered. These alternatives range from machines that 
utilize air for either suction or push, oil, and other alternatives that would utilize a 
small pin to push out the chips. Out of these alternatives the design team will 
choose the most reliable and cost efficient method. The final product will be a 
machine that separates and possibly sorts these standoffs and chips, or a 
component add-on to the existing assembly machine. 
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I. Introduction 
Section A: Problem Background/Description 
SouthCo, Inc. manufactures fasteners for all types of applications. The 
focus of this design project is the removal of metal chips from milled standoffs 
used in many of the captive fasteners produced. The standoffs are small 
cylindrical, aluminum, or steel, parts approximately one half of an inch long and 
one quarter of an inch in diameter. Of these standoffs, this project will focus on 
three types; a press-in, a flare-in, and a float style standoff. Pictures of these 
may be found in Appendix A. 
At the plant, the process of manufacturing starts with long rods of bar 
stock, which are cut and milled to specification in either a Davenport or Wickman 
milling machine. The fabricated standoffs are then moved along to a cleaning 
station, a chip separator, and a tumbler. Depending on the material, the 
standoffs are then either passivated or plated. However, an inherent problem 
with Davenport and Wickman milling machines is the formation of metal chips in 
the inner diameter of the standoff, as well as in the collapsible groove on the 
outside diameter of the standoff, during milling. These chips can jam and 
damage the assembly machine causing downtime in production and large costs 
associated with repairing machines. 
As stated, the parts do pass through a chip separator on their way to 
assembly. This chip separator simply relies on the weight difference between the 
standoffs and chips and a variable current of air. As a bin of parts is fed into the 
separator, the lighter chips get blown through one path into a bin, while the 
heavier standoffs fall to the bottom into another bin. This separator does an 
excellent job of sorting loose chips from standoffs, but does not have the ability to 
remove, or separate, chips from the inner and outer diameters of the parts where 
it takes more force to remove them. Quality control has already been conducted 
on the milling process to reduce the occurrence of these chips, yet it still has not 
reduced the problem significantly. We have made a preliminary economic 
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analysis of the problem and determined that these chips cost the company 
approximately $27,000 per year. This sum takes into account value of scrapped 
parts and labor costs. Because the parts are made in such high quantity it would 
be impossible for each standoff to be individually inspected. This means that an 
automated solution is necessary. As previously stated, the milling process has 
already been optimized so we will look at an alternative part of the process. We 
have been instructed by the company to avoid making any large alterations to the 
milling or assembly machine; therefore the ideal design would be a separate 
device that fits into the production process between the milling and assembly 
stage. A value-stream of the entire process may be found in Appendix B. If 
possible, a small addition to the assembly machine that would not interfere with 
the current assembly speed and process would also be acceptable. 
Southco, Inc. is the major contributor/resource for this project. They have 
already budgeted $5,000 for this project and in addition there is also on-site tool 
room support for any custom fabrication that might be necessary. The majority of 
work to be done on this project, i.e. testing, design, and prototype construction, 
will take place at Southco, Inc.. The use of Drexel University’s labs is also being 
looked at for possible testing. The overall success of this project will be 
determined by testing. According to Southco management, the final solution 
must separate, or sort, at a minimum, 98% of parts. If this goal is met while also 
keeping the solution economically feasible then the project will be considered a 
success. 
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I. Introduction 
Section B: Constraints on the Solution 
Nr. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Requirement 
Price 
Size 
Function 
Effectivness 
Noise 
Speed 
Maintenance 
Service life 
Adaptability 
Visual Design 
Completion 
Safety 
Number 
With 
tolerance 
<$5,000 
Size of feeder bowl 
Cleans all shapes, 
sizes 
>98% 
98Db at 5 ft 
5000/hr 
Must be considered 
in design 
Easily interchangable 
parts 
Can be used on 
newly developed 
parts 
Not important 
Function must be 
proven if not 
implemented 
Considered 
Req 
/ 
wish 
W 
W 
R 
R 
R 
R 
W 
W 
W 
W 
R 
W 
Reference/ 
Explanation 
Budget 
Floor space 
Flexibility 
Company 
expense 
Standard 
Fastest 
feeder speed 
Company 
time 
expense 
Company 
expense 
Effectivness 
Implemented 
better 
Can easily 
be covered 
Source (Name, 
Date) 
Southco, 
11/5 
Southco, 
11/5 
Southco 
11/5 
Southco, 
11,5 
Southco, 
Southco, 
11/5 
Southco, 
11/5 
Southco, 
11/5 
Southco, 
11/5 
Southco, 
11/5 
Southco, 
11/5 
Southco, 
11/5 
Modification 
(description, 
Name, Date) 
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II. Statement of Work 
Section A: Methods of Solution 
Many options have been considered as possible methods of achieving our 
goal. All alternatives will be equally considered and fully researched in order to 
find the most effective means to achieve our goals. 
The possibilities being considered for removing the milling chips from the 
inside and outside diameter of the standoffs include: 
1 . Using compressed, turbulent air flow to blow the chips into a waste 
container 
2. Using a fluid, such as a cleansing solution, to wash the chips out 
3. Using a vacuum to suction the chips into a waste container 
4. Using a mechanical rod, or other physical means, to push the chips 
from the inside diameter 
All alternatives have their advantages and disadvantages. Main 
considerations are cost and ease of integration into the manufacturing process. 
The final solution must not interfere with the current process or in any way add 
excessive process time. 
As seen on the value-stream chart in Appendix B, the current chip 
separator is situated between the cleaning and tumbling stages. This is the ideal 
location for a separate machine of our own design due to the fact that it would 
not disrupt the current process flow. 
However, there is another possible location for our design. After the parts 
have been cleaned, tumbled, and either plated or passivated, depending on the 
material, they are manually placed into vibratory feeder bowls on the assembly 
machine. These feeder bowls utilize vibration to feed the standoffs around and 
up a circular track on the inside circumference of the bowl to an attached inline 
track. A picture of one of these vibratory bowls, as well as the inline track, can 
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be seen in Appendix C. This inline track would be an ideal location for a 
separator/sorter. Of course, the separator/sorter would have to be on a smaller 
scale than a stand-alone machine if it was to be used on the inline itself. Options 
for this are still being considered. 
To summarize, the best location for a separator/sorter is between the 
cleaning and tumbling process, as it is currently. However, if possible, use of the 
available space on the inline track would also be ideal due to its smaller size and 
the fact that it would essentially shorten the entire process time by removing the 
separator. 
Since the standoffs are made in a variety of shapes and sizes we must 
make sure that if one machine is to be constructed it is adaptable to the different 
styles. Whether this can be accomplished through interchangeable parts or from 
simply an innovative design remains to be seen. The design methodology shown 
in Appendix E will be followed throughout the course of this project. 
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II. Statement of Work 
Section B: Alternatives 
Alternative 1 
Using compressed air to remove the chips; the following will be 
considered in our research and development: 
Pressure required to remove chips with over 98% accuracy 
Means of containing chips after they have been blown from the 
standoff 
Orientation and configuration of nozzle or nozzles required to 
effectively remove chips 
Noise produced by compressed air 
Danger involved if chips are not caught by a container 
The main advantage to this solution is that compressed air is already 
piped throughout the manufacturing facility and is easily accessible anywhere 
within the plant. Compressed air is also clean and would not require any 
environmental considerations. The main disadvantage to this process is 
generating enough force from the air to effectively remove lodged chips. The 
reliability of the design was stated to be at least 98%. This alternative is still 
being considered and is simply awaiting testing. 
Alternative 2 
Using a fluid to wash out chips, we will consider the following in our 
research and development: 
Type of fluid to be used 
Pressure and flow rate of fluid required to effectively remove chips 
Means of containing fluid and chips 
• 
• 
• 
• 
• 
• 
• 
• 
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• Means of washing fluid from chips before assembly 
• Interaction between the standoff and the fluid (i.e. Corrosion) 
This alternative has many disadvantages and is not considered a feasible 
alternative at this point. The use of oil would require environmental concerns to 
be taken into consideration. The use of oil, or some other cleaning solution, is 
also more expensive than air. Of course, the safety guards needed would also 
be more extensive than if air is used. While some kind of cleansing fluid, or oil, 
would generate more effective force to remove the chips; after following through 
with necessary research we will determine if this alternative should or should not 
be pursued. 
Alternative 3 
Using a vacuum to suction the chips from the inner and outer diameters of 
the standoffs. The following will be considered in our research: 
• Feasibility of design (i.e. is a vacuum powerful enough to remove 
chips) 
• Means of setup 
• Means of containing chips 
• How vacuum is to be generated, i.e. fan, compressor, venturi tubes 
with compressed air 
This design seems to be most promising. It is clean, simple, and relatively 
inexpensive to operate. Vacuums can be small in size which might enable the 
use of the inline track feeding to the assembly machine from the feeder bowl. 
Furthermore, vacuums are inexpensive to purchase, as well as to maintain. The 
design group will investigate/test the suction power needed to remove chips from 
the standoffs and decide on the best course of action after weighing all test 
results. 
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Alternative 4 
Using a mechanical pin to push chips from standoffs, the following will be 
considered in our research: 
Setup of device (i.e. timing of pin coming down on standoff) 
Size and geometry of pin to be used; universal or interchangeable 
Force required to remove the chips from the standoffs 
This alternative poses the most difficulties of all the options, but it has the 
potential for great results. The design group believes this option can be 
promising due to the fact that it relies on a physical force from contact between 
the pin and the chips. It does not rely on air, or oil, which might not have enough 
surface area to generate sufficient force. One problem with using a pin is the fact 
that standoffs have a lip on the inside diameter in the same location as the 
collapsible groove. This material is what keeps the standoff from sliding off the 
screw shaft when pressed together. This introduces a problem because it might 
be necessary to push through the standoff from both top and bottom. There is 
also the possibility of jamming the chip further into the standoff, which is the 
problem that needs solving. In addition, it doesn’t solve the outside diameter 
chip problem, which also needs to be considered. Perhaps this could be coupled 
with a vacuum to remove the outer diameter chips. In short, this alternative 
poses the most design difficulties due to the precision required and mechanical 
ability, but as stated, it does hold potential for the best solution. 
As stated before, testing is necessary to determine the best course of 
action. It is currently underway and a design will be finalized and chosen 
according to the schedule on the Gannt chart in Appendix D. 
• 
• 
• 
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II. Statement of Work 
Section C: Societal and Environmental Impacts 
This project has no direct impact on society. The main impact of this 
project will be felt on the manufacturing floor and in the money saved. The direct 
result of this project will be a raised level of in-house quality control. 
Environmental impacts are almost negligible for this project. The only 
potential environmental impact would be from improperly disposed of oil or 
cleaning solution if that alternative is chosen. However, if this alternative was 
chosen, all federal and local laws governing the disposal of hazardous waste 
would be followed to ensure minimum impact to the environment. 
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III. Economic Analysis 
The following is an economic analysis of the incurred monetary loss as a 
result of metal chips: 
Determined Parameters: 
Scrap % = 2.00% 
Scrap % of Scrap = 40.00% 
Estimated Downtime per Part (min) = 0.5 
Labor Rate ($) = 14 
Cost per Part ($) = $0.15 
Machine 1 (2-up) 
Pieces Assembled per hour = 3500 
Hours run per Shift = 6.5 
Pieces per Shift = 22750 
Pieces per Week = 113750 
Pieces per Year = 5915000 
Machine 2 (1-up) 
Assembly Rate = 1000 
Hours run per Shift = 6.5 
Pieces per Shift = 6500 
Pieces per Week = 32500 
Pieces per Year = 1690000 
Total Projected Pieces per Year = 7605000 
Calculated Losses: 
Scrapped Pieces per Year = 152100 
Total Downtime (min) = 76050 
Total Downtime (hr) = 1267.5 
Estimated Yearly Loss due to Labor= $17,745.00 
Scrapped Pieces of Scrap = 60840 
Estimated Yearly Loss due to Scrap = $9,126.00 
Total Estimated Yearly Loss = $26,871.00 
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Appendix A – Standoff Styles 
Figure 1 : Press-In Style Standoff 
Appendix A – Standoff Styles 
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Figure 2: Flare-In Style Standoff 
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Appendix A – Standoff Styles 
Figure 3: Float Style Standoff 
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Appendix B – Value-Stream Map 
Appendix C – Vibratory Feeder Bowl 
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Appendix D – Gannt Chart 
21 
Appendix E – Design Methodology 
Problem 
Define Problem 
• Analyze Problem 
• Structure Problem 
• Formulate Problem 
Search for solution 
• Find similar solutions and 
generate new solutions 
• Order and define solutions 
Choose Solution 
• Analyze Solutions 
• Rate solutions 
• Decide on final 
solution 
Solution 
